US007295527B2
a2 United States Patent (10) Patent No.: US 7,295,527 B2
Franke et al. 45) Date of Patent: Nov. 13, 2007
(54) SIGNAL ANALYZER AND METHOD FOR (58) Field of Classification Search ................ 375/241,
DISPLAYING POWER LEVELS OF CODE 375/318, 328, 335, 342, 441, 299, 347; 455/101,
CHANNELS 455/522, 566, 562.1; 702/60-62; 370/24

370/318, 328, 335, 242, 441
See application file for complete search history.

(75) Inventors: Jens Franke, Germering (DE); (56) References Cited
Bernhard Nitsch, Miinchen (DE); |
Klaus Heller, Gauting (DE) U.S. PALTENT DOCUMENTS

0,219,340 Bl 4/2001 Cutler et al.

o 6519227 Bl 2/2003 Koizumi
(73) Assignee: Rohde Schwarz GmbH & Co. KG, 6,850,238 B2* 2/2005 Bryant et al. ........... 345/440.1

Munich (DE) 6,879,576 BL* 4/2005 Agrawal et al. ............ 370/342
2002/0085522 Al 7/2002 Huber

(*) Notice: Subject to any disclaimer, the term of this

_ _ (Continued)
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 269 days. FOREIGN PATENT DOCUMENTS
(21)  Appl. No.: 10/517,297 DE 199 55 564 Al 5/2000
(Continued)

(22) PCT Filed: Apr. 29, 2003 Primary Examiner—Simon Nguyen

(74) Attorney, Agent, or Firm—Ditthavong Mon & Steiner,

(86) PCT No.: PCT/EP03/04465 PC
§ 371 ()(D). (57) ABSTRACT
(2), (4) Date: Dec. 7, 2004
_ A signal analyzer and a method for displaying code-channel
(87)  PCI Pub. No.: WOO03/107566 power levels of CDMA (Code Division Multiple Access)
PCT Pub. Date: Dec. 24. 2003 signal that contains code changes having different spreading,
| ' ST factors. The individual code-channel power level 1s mea-
(65) Prior Publication Data sured from a received signal and displayed 1n a diagram for
a specified base spreading factor. The code channels having
US 2006/0056359 Al Mar. 16, 2006 an alias power level are indicated. A code channel, with
_ o o regard to the specified base spreading factor, has an alias
(30) Foreign Application Priority Data power level when the code channel having the base spread-
Jun. 14,2002 (DE) oo, 102 26 640  1ng factor is mactive and when a code channel of a higher
! spreading factor (corresponding to the former code channel)
(51) Int. Cl. 1s active, or, 1 the event of orthogonal transmit diversity, the
HO04B 1/02 (2006.01) power level of a code channel 1s mapped onto the code
HO040 7/20 (2006.01) channel of the base spreading factor.
(52) US.CL ... 370/310; 455/335; 455/342;
455/441 9 Claims, 6 Drawing Sheets
SF 64 SF 128 SF 256
C16 C16
& Ol
| Code 16 Cade 16

(ANT1, SF64+0TD) (ANT1, SF128+07TD)

C144

T T
e iem i e

| Code 16
Code 16 (AN72, SF128+0TD)

(ANT2, SF64+0TD) :



US 7,295,527 B2

Page 2
U.S. PATENT DOCUMENTS EP 1 259 013 A1  12/2000
2003/0039264 Al* 2/2003 Hando 370/441 L 304822 Al 472004
2003/0063586 Al*  4/2003 Engholm et al. .......... 370/335 WO WO 01/95535 Al 12/2001

FOREIGN PATENT DOCUMENTS
DE 100 56 258 Al 5/2002 * cited by examiner




U.S. Patent Nov. 13, 2007 Sheet 1 of 6 US 7,295,527 B2

SF 128

Fig. 1



U.S. Patent

Nov. 13, 2007 Sheet 2 of 6

US 7,295,527 B2

da A T -
S — - Sl al S Py i T T T,
'f — i
._'-IF""
.l...an""
’m e
LI |
|
L A
o * r eClellelelele LI gy
s B hr + & L
' b ¥ LR | [ 8 == o ‘3
= 19 L F-'-] o L 1o 5= P |
- = - - [ ] L I LI L [ ] LI - r L) v B » r  +
[ ] '] IR | - p r i LI | L] - r .= " r u
4 - -4 - r ] LI L] T = L L | =i - = - r .k
d = [ or [ i b 4 | | ] h = L B | | | LA ] i & - = = 4 KT +u [ S I - % T
IERCY T o fEw oy [ o LI L - " . = LI L Ly LI Ak w1 . r fu - - x4 .
don P - ok - "y 4 i d kb - a -+ - - L] + r ] L P 1 i w . - " -
4+ r rfw 4 n -k Eor r F [ | - r [ I | .r LI | r-l--n LI ] " [ | [ 3 ] Fom - - - '] Y ko .
LI | 1 + - - r - [ r 1 W - FF LI 1 & r LI | L rer n=- [ B} d 1 L oa = p - . - -y
4 vjm 3 1 | | | I 1 & - 4L | I | ol o b - . P [ R - . - ' - - . o
LK 3 [ | mr [ Y T = L N | LI rr r r - [ [ ] ha 4 =m0 bk [ | [ Py L - r rWr =
L4 1 a [l | § T n oa a i i a i ror L F = . -1 a0 . - P rr i P _— - - - T . W
ik F oy | S r e | ] LI | L | L Fr LI | d g 4o | 3] L  d . - oy . AR P + w
LI i LI = . ¥ rs P = == & or - L *or L L] r = 1 K ) - L L k-~ % +« -3H
N B b L * 2 - ] LT - F L E l--rl * F o - o Pk . L PR £ 4 -y " P a Qe w
T = - =] i g - 7 L r T T - L | LI | L L | L4 LI 1+ - [ ] " - 1 - ¥ I [ o] L B | LI
b - om . r o4 m = = % - = - LI = d - = "o r= LI | rr r o Lo ra [ [ 3 - T
aw rr r - [ | ras * B re . o r . L 11 ur ri 1= [ 4 +* = g - - -y - a " ko x .
d ¥ - = F = - - [ L] ad ¥ - F rF L ] [ ] - T dr F 4 - - - 1 .= F e I m - . .- + r fn =
Y 4 x L Y 1I-'J o Pk LS B N L ii‘ . TrpEa e L L R 1] in LR " r = n =
[ L] LI . L L] L] - L} L - LI ) LI [ ] L LI 1 (] P - - L - rrlr >
I m - * r . L = == -k | ] [ | -+ g ] L] L - 4 - - - P [t E [ - R
L LI ) Ly [ ] ] - [ nr T L Y LY [ ] L LI L I EL [ e ar " [ P
[ [ - ¥ L I ) -+ T L L L rm L - L nr LI r L I 3 = . » - . [ - *
BN ] P "B ] - p - = i 4 L ¥ (] [ ] - i L N | [ L) LN | a4 L [ [} E o -y .4 3 T -
LK} [ Y [ | + B L & i or r " i - " 1w - q -k " . r ¥ L] L nr o [ . = - . r -
+m 4 i . 4 d * r [ | - % - [ 3 3 [ Y L W i ad [ 4 g . & Ry B L) 1 "y " - 1 Y a
r- - mr - L4 [ 3 -r | B nr =-r L] u L . F L LI #F r & 3 = a -, . - g m [ - ma
1 F LI | = 1 - s L] o LI | T F T ® [ | r F oy [ | "o 4 r i1 [ L + m anw ra Em A - 4 r rd =
a & 1 LIS LIS fe L L | aq LIS a4 LI LI + u LI == L [ T nr rT L ] nr (B A
- - un - L] = - 1 - = . r LI | L L Eoa LA r - - =1 Fr 1 & i LI | Fa L [ - o F - Y
1 T g - - u -k | ] d » [ A | [ ] LN § o+ ri . im = & - —_— - r o ra K o 2 ¥ "]
T+ = rm L ] - b L I L LI Tr -1 n T o= LI L | r rh | 4 o [ s a g + u [ ] + F r rFT
L = 4« n - a T = 1 4 L = 4 L ] T - L L | [ | [ | L 1 r LI ] - [ L I | d B F & » L ) -r'-‘- r T L
+ 4 m § T 2 L] L [ 'BE | d ) r B da [ ) 1 o [ 3| [ | =1 | * = 'R a4 (- r - = n [ '--‘l.- - 1%
A aw . - . = = L L L LA L] LI L] LA Tr L LI | I r & L] [ ] o L] L] *‘-‘ + ~ B
LN N LR L] + Wy 1 LECRE LR 1 ) [ B LN ] o YT a ] La Y a o P k) i"‘ + 4 Q" ¥
ok " PR T oy L L L L a4 4 L i s L LI L] = LI L L ] i * = m o - P ""‘ P
= . LI L] - " LA LA - L L B - bl ] + L LI | 19 [ ) E L] LI | o l..-l--i =
L ] LI ) F R T b oa LN L] FTR TR L LI | * L LK LI @ r Ba o+ - = L] - T i- 4w r i
e
i kil
L
Igl 2
- .
— Pl A e T
r y bl

Iy - 1
afh i - L]
MO . - 1
r—— 'I' r
Ll 1] I 1 - ]
-
-4 b ' - a
a n F 1 Il -y u
] ] . u d - ] =
B 'y u = r - -
rkh = - * - . 4 H .
- - - L[] [ + - - -
— - N L] L ] r i [ a -
» . X ] ] 1 ] - B B - - L L -
+ [ ] i [ i i o - - [ [ L] [ 3 4 - - - K= A
- - - M 1 Ja 4 . =P L] v . L] [y B '} R = L] L] =- -
Ll I L] -4 L] u LY " ray = - r LN L Ll R L] » nja [l LE LT 1 - L
4 L] I'p K13 F ] [ 1] L] Wl LR Kl 4 Rl B a e L] | + 2 L] K8 - -k - = - r ] N K
rjapg # I“ L] 1 ] a » + [} 8 . hh' '!r* L | 4 [ ] « i [y L 14 - 4 - . r e Irla .
= N e . . " " r e = - . LN = Y B rfi=f = 1 1S - (% K%
L " i F = — ¥, = K, .h‘ - - ] - rll= a N L2 £ EY L - Ll B r [IF T'§ d r ?" ' afrfiin [ l-
» v . [+ Me Y | a ks 1 1) - - rQLr L B LE L] ] L] - slals ] " s = E= = I ' v R ke
ko) & s w - LAk . ] Ll BB I N F] n r A IR ER T 'Y Kl N T a ~Fu . - - - s felln -
- & i a - - ] = - - - n L = - o - = + . L} L b = o - rg-j " L] L] ] Xl b | - [} - i L} [ ] 1f¥
N ™ . 1. - K N Ra . ar =q - X . 'K rleErr - all~ r % 17 1 b .  » afalln a
- - L] [} 2 m ¥ * x« ¥ [ ] [ = - - [} -y r L} ] 4 H h [ 1 B - LR ] 4 Kl = a a K = 4 ] 4 [ ]
[ L ] L] ol F ] [ L3 4 [ Fl E L] n Lo 4! d Ll 3 +@w [} £ ] = u L d - ] [ ] L] = = F] - [ 3 £ - 4
+ L] L] T , 4 L ] a J+Qk LE A - 1 gk Ty + LI R & ] b + - LE £l K 1 » 1 R Ly d - [ 1 rhip
L . BT 2 O A . « - - 23 I + T * g fi= 'Y X i = rEn 1 4 - [N LY & 1
> [ - - - -k r 3 - - a Ll L] r ] L} L] ] B L 1 - L} T LR LJ [] ajJ Kk - a M1 £ & [ a - - - -
rikxg + » lr oLl - rfl+ = o - ] - 1 I - + Rk ] LE LE 1] LA i | 3 K Yy d i ¥ + X r rn . 'S EE 1) L] ]
] [ il 3 X (XL . - rftRr 18 - 1 ¥ ] I X L L L] LR X KI W - - N m B 1 K nillr b . L= 'l L
' AT 2 M nlr + 'E Kl r - - Ll I 3 - - 1 r g1 L L Lk L Ll B L] KX B L] . - ] n Ed X -
. - - y ™ . r b - r * e N - Ll [l Kl 4 4 = [ L] El L [ El F b | [ 3 [} X - » 1] - = ] - -
L K X3 b +q% Tl rfu - 4l - L v * 1 o B Lk L LK LJ LE R L L) 1% a = . M - [} T F ™M -
] | ] Ly R 4 K B Il | B drgn N L * g L] LN 1) L F L 4 Elaf . - - g b ' - g« ~f r = LE I
] LN NI r ] s i m [} W] [ ] ' & - aF = r 4 T + m Ra rHa Hi = LE L . ] L] ¥y 'y ¥l N r ] F ] - [ ]
- - il [ 'Y LE B ] ] 43r K" L] B - = - g~ rE™ ¥ - - LY Bl &) - ER || LF 3] N 1] Ll N + . LJ £
' B - vl ' N - r r L iy r L T 1 = WL LN R LI K hET L ] + i+ a - 1 - = -
1 = + La dr 1 LE LR L LE B r L] LE LN 1] 18 = L] ] L E B8 K] L] LR 13 £ 1 b - r T - X & -
rfl ) a2 = N M 'E B} X 3 n L B x L] ] X L E | 2 ER1IX I af- - - T K- B - - rlal= -
4 il - Y R r LE LS L ¥ i F L] akr LN L] s - - LF B B - e 'E L - 1 K ] L L gy
™ ™ | - - Er a 40 - + . . I o - . B L 3 B I B [ K] =0 . afl= ' - - s Ja s N -
2 o = - - 'K IR ] - ' p - d Ll LN L] = = ., | 4 LE EJ LY + ™ v o F = a [ L] S X1
Jrr— Y EF 1 £ = i e 1 X sl 1 ] L - ] FEQI Rugn 1] B L] I i rflln . o 5 r a f=-fn » -
i [T W [ BT 4 s fufli 14 ¥ - 1 B il 11 A - » a4 Q- a Y [ A L + r X L LY L
| | 1 L ] [ [ F [ - = = [ - - L - - - [ L ] - - - L [ - . N » + - - F + 'S 1] n
N B i = - « F-Ex <. - N b Bk I LR L "RifFE r Y L] +R1 b ] 3 b [ L Ly K
- - LR L] 1 - i+ a o - rE* LR L L] + LE LN L% K| LE N ] » ] L] B a L - y L] 1 k] ] .
u r L IR [E 1 It [ i E2q i - Ly LE ) 1 1] - Fl “fi ks L "y o 1 4 = 5 r ln 11
FETRa ] [ ] - = = d ] B ¥ 1 L - EE BN & & LE A L F . 1 [} R }p - - + Fv g &
- ' ] = LR R ™ r + f-q- rl r fla B 2 P o I i » ag | e ] -l LY 1 I L ] B F e (N LI [l 4
= 27 ' - - . . -8+ F'] + +h + - r [ » m=ET Rl T =N =R r r+ 144 ¥ - af n FH F1 [ ol L]
Slmmisie - - L] - LK ER 1] L] + Be et N W8 [ EJ 'y B ) rJ e 4p r - [ ] [N XN L] r L S X ra " [ [] . [N Kl [} K
L IR R 'y 1 1Ew " % N} - [N L] [N 1] r - LY XN 11 X1 L E B FY B3 = g L - ik = s lmln a - 1
IR I L] ik = = T - -E-N: N B [N L 4 &1 B [N B - - B+ 'R 13 I » Y 1 LT N rfi» 1 X r-l! N L ™ Kl
] Bl Bl r ' \ r . = r =% r 1 L] LRk XN 18 & 1fm rf 1 4 I 1 [ 4% IR T B b
L} T Lh I [ L 4 1y LY L a4 4 LN L rpiE 1gr . kRelw - =g LT IO L] s L] LR B 1 Nl
LY I ] [ [} L] * [} 1 ) A N L] LN 1R CX BN L] Ly R =F L L B 3 B [ N Y 1 X N B3 & i .
+ fa ] 'y 'Y TR - ¥ Y > Y L] = rR=fps = . . ] a 'S ¥ Y = R 1] ¥ K N “aflr Ly L KB
nkebenllullr . P

Start Code 0 16 Code / Div

)}
)

Stop Code 127

Fig. 3



U.S. Patent Nov. 13, 2007 Sheet 3 of 6 US 7,295,527 B2

SF 64 SF 256 ,
C16
. | | __
Code 16  \_ | Code 16
(ANT1, SF64+QOTD) (ANT1, SF128+0TD)
C144

Code 16
(ANT2, SF128+0TD)

Code 16
(ANT2, SF64 +OTD)

s 0 Wik 0 GMMMAEEEREE 020 TR 00 RN 000 TS opembibebnnenis 0 A 0 el 0 AEEeiplemhiminy 0 lmhei—

Fig. 4



US 7,295,527 B2

Sheet 4 of 6

Nov. 13, 2007

U.S. Patent

dB

e

TR R R R T T R T T T T T e L T T

4 § & & B R OE LA § A kg Rk Fdhd AL s FET R k- LA N - dlw B Rk
" i i i
P i T T T T T O A e A S U S

A B R LA gk BN omog ok o bl Wk e Nk

4 = = % r b ke bk ks ek Ll erd AR R RS AR+
= s ® gy s b rrpEpryE Y AEr B FEFY I T FIEE
i
o d omod koo bl d ol kod ommoml omomomE s g m o Laoap oy op kg
sy @ hd gl sk rrdsen arlsa b rans

B FFAF s F YN " |k By kR ok
LA I I N A I I N BRI NI BN I I R ]

na4 e R P ERA S ap dFY -F % skt smsmem sl Fpp g by Ay
kb Bk PR R A N R A A F R N Bl R LS bhomok bRkt bk okbhyphapow |

i smrr bk hpltay ppa syt reE P TEYFANEY FT
1A ra w4y o -+ | Lom bk o2y - - - -

FAPF ST S0 F F1LA4d I F A 8K TR EFIE 010 ) & Fa
ok or T b b T 2 T 7 r- L L]

TR N RN EEEEEE R EEE T DS T g m = oy =}

Fre 0 4% 2o xrrB Lod ddd & bkmt+hsdd o byondrdpremenm

am s dm s a2 gy g prirgd g g4y pphrasrpgE ey n
1'l—..Il..llI.I.Ill14‘."1#‘1'..].{.“.!.—.

A e 1 rw oL mmom k bk odomaomowwory Ak 7R | mElpLLToE o -oa

a kd kB or Bk B kA LR R Wde kR Rd RL R

" m T rwmEFrs FFuuW LT mMLYOPEEEE S EELIE AR FTow

"k 17 et s mhawmbadd bhdaTy e R E L E s mEE =

L

hm oo n nh hod Wdkmwod 8ol okow g oy Akt f kg BhJ Fomod o Fok s FEEFET R

f-_-hl

i B B d ok h F koW F R kd Bk A Kok kS mkch ALk okwdA
L oAbl Eomoy kool ok BBk W RN Nk kA R R kEF R ER

2 . O N
¥ oro & k! A o= omde | & oy k"o o ko ko= o =y

dm mm w0 A &k dl wlsad b smEkd ek e bk FFE R RN R LA

"R T pPA W L7 E E ] EELTW LT R FYTOELFEET R F§Fw

“ % & L apm pgdnw pamay mhds kmosy kb odmp

]

+ M W = g ¥ RPN FEFE FgETY {=mpEpy R T YRR A P RTFSTFES

=k ord ow rn i A d%d v R P EEA N A AN DI AE AR
= f d LA F P IE ETAdhd BLFIBFIARAEFFI&41TFLFFFAE A

I F kT A LL AR Pk d ] Er A sk b
wor b kv b Bomofof ] kA dp | EEAA T ERS

i ma o "
% F LY F -4 aAEd gy by by s} ey
gy m -y b=k md o jed s fesd o mbk sy ke b ok RSy e
T - L
FE"®S FpFICTAFTESM 4R FFITREL YT e
r e s ks omeoa s mmd Bk dodrmr r%owon b oddmd W

LT Fkaombkboasdl n 1 H n V- ror
a ks oa r omr osomormdorond e B ALE RLEE sk R
- L3 o o 4 B u - o LW ¥ 99 ¥R L.

r 2 %2 1 r4 = s m bk Frbhraswrydaeras+derest hplepasgsesass ppedrms
r o7 % A ¥ w4+ FF kR FRYF e rym ek bkl R

A g = B p gy 4 % = oW LA kS pEEFANS I K4 AdFEFPFPYTPF TS
+ o sy r r s d pr A gl - h K I Y " FF [ L L B

4 0 m E oA RoE 4 4 tem mom s oaknon oaga kot ohohd o mdkadlEdd W
FmFrd Pkl Fr s A A= RN FEFERYE R

k
F W F S E R s mEE g Ry snes s s wmsad ¥ harehd

I 5 - b [ ] [ & r I 1

1= a - - = = - - & a 2 -

I 4% g R uddygrdabkbadFrrsrhbkrdd! 8 gpf i

¥ s g g = g e psmop1omomwe rdoddmo e kT T bR pw
m hoy v ke rmd ¥ sk d Bk FE kR Py T ERE kA

Sl Pl oy -
# 4« 4 4 F & I AN FAaT énd brasg+srd s phrd BppJaldpn

= B | F k% & TS F4+ 37 FF49 8 FITFYT 980 7TF """ F1%wvey =

A FE I IAFYT A FdAT AP FETRTREETT pdT o oEomT
s m A Ak Aot % a o mma gk omm ke rd e % FPFdoRm

——

Lom ok o b o B & o L b b b8 L4 d brhbkysasdvsd kbl sy
'EERENFEEEREEEE FE T NT B B B BB S A N A N B

4w owrmrrowkdt By A ks rdosarr kddhr oY
oy = - - da o md o momh B hkow ook Aok hwad E LAk F

N N EBEEEEEFEEFFEFEE N N TN B B B RN N B R I R B

L1 & & &

4 ordrnoa

~rmpor

i.llr_‘.1r.|.-r-.1.-.-.#III‘1TI'-HI..IE'.F.-..-'II..III'I'
y -

W1 444440 001 +0LEEFEFEIRTFS*E S rTsyrechbhismirekibi

s m Frouwdrrah=aAyad b pi=-gmpadntradererdth sh A% +ra adgnm

-

.
:

<+ — CO D N O
TYNYTIYY

Stop Code 63

8 Code/Div

Fig. 5

Start Code 0

dB

EPs ey pumewEmtrirhdd PRI R PR EE st TR AT YN b rkFR AP gl

’

Pupamrpimpr ermm s rrahrmd T T —rrrrr P = md LR

mmwr | p=—fd- dpphesgrm arddunbasragdir it pdgrlingrpiymunemnmnls

wHd I ddpd FFEAANIN TIFENI rumessrapanm puwi s nf

rpshs rndb bt rppI gl rabddbidbddanbidbbibdfdbrobnlind

_m1+vnfir-l-i-rr-ii!-T:li-1lil!i1tll|lll+h-rl
g
L

—gsmEbkrrim s ra®r" PR EY R NE RN L NFRENE Y SNE RNy

awphdsrdmerhsdmdtpinppians crs ardr bih-drrh=r-

MrPmm by ms r b wrd w B PR P i ok n o ammde ¥k Fod oo kR A

Exdb rrnrrrpdnjdrbphiadnbadrrbrabriddg ripgkiii-a

>
-

¥

]

1

IR AL L T ELL L AT LE LR e LN LR AN L s N

MNNREREN SR S

aqy—smasanwphdrradabinmnpiiombddadod BN DA AN L Frrmy skl d b d BN

s mmmdrr T bid TN B AE WL = bwkbs mk il AN ELEEE I EERES

AUV N O P ...

raTambrudLmLpas amemanb ol i s ARl s ey ipdaddrgairinmas s FudmdEa
u .

AR NS TN SRR N ..

mbmwas b ami s hdmarrdyipgtd smfaaawnnd Iicddddnrnbdsomad Fk A ALE LN

rar AR ERL A LN IFFEEER P Ry an pEmrrre v b P ar AW

Lgap o mmi TR w» FrLE ]
FIEELYF 1ll-lll:H-F11.-:lf-rlll-lii*tarfli
L
'
TR I A L A N AR AL L L Bl Rk

vErd g i FIAEE g raE s s mwryda bRkt n IR IR
LA
r

_ .
ik me b rappd I LEFEF rRAFR S rmym ) rarwd i

Baruirere,

samudivdFarisnal rhipd s LpME PR RAR Fr Mk e rmelk F

_n :

lfi-!!ll-ltljj-l1\l1t-i!ilh-lll!‘+i.LijTrIlirlllirriilflﬁtliti'

mrvpEwmmdrdif et An g s mpmard nh b AR

rEmr g kEypudAN0
)
A

mrd pbhtg b LpAE A

aarmasddmddninrad i phFdL ik

rat

Il1-_J-b#l!l!l!lrrll-hlhillnliilniliii+‘ EprsETAr="FE= ¥

o

RALETEAES L A e ap s mmded DA TR

ryrpprarywratrahym e p Y LR L L TN odl Dbt b Rl el ooyt

A FAE

llil-!l!-lq-l11;|-rli-1lfla.illlllhfi!l!?li-iiiiia!!rlirnilia-l

iyl

~ o~

TSRS
|

Stop Code 127

16 Code / Div

QO
3

S
-
T
o
)

Fig. 6



U.S. Patent Nov. 13, 2007 Sheet 5 of 6 US 7,295,527 B2

SF 64 SF 256 |
C18
R O
| . o
| Code 18 | Code 18
| (ANT1, SF64+0TD) (ANT1, SF128+0TD)
| |
| |
| |
' I R
| | Code 18 _
I Code 18 | (ANT2, SF128+0TD)
- (ANT2,5F64+0TD I

FIg. 7



U.S. Patent Nov. 13, 2007 Sheet 6 of 6 US 7,295,527 B2




US 7,295,527 B2

1

SIGNAL ANALYZER AND METHOD FOR
DISPLAYING POWER LEVELS OF CODE
CHANNELS

FIELD OF THE INVENTION

The invention relates to a signal analyzer and a method for

displaying the power level of code channels of a CDMA
(Code Drvision Multiple Access) signal.

BACKGROUND OF THE INVENTION

In the context of checking the components of third-
generation mobile telephone systems, 1t 1s necessary to
determine the power level of the individual code channels,
of which the overall signal 1s made up. The relevant power
levels of the code channels are presented graphically to
evaluate the measured power levels of the individual code
channels. A graphic presentation of this kind of the power

levels of individual code channels 1s disclosed, for example,
in U.S. Pat. No. 6,219,340 B1.

According to U.S. Pat. No. 6,219,340 B1, the individual
power levels of the relevant active code channels are pre-
sented 1n the form of a bar diagram. In this diagram, the
individual channels are plotted along the X-axis in such a
manner that the code channels belonging to each code class
are arranged adjacent to one another. The power level
measured for each code channel 1s shown by the height of
the bar. The membership of the individual code channels in
a given code class, that 1s to say, their association with a
given spreading factor (SF), 1s shown, in the presentation
proposed, in that, corresponding to the lower spreading
factor in the lower code class, the bar allocated in the
presentation 1s wider for the corresponding code channel of
the lower code class. Moreover, U.S. Pat. No. 6,219,340 B1
proposes that mnactive code channels are indicated in the
presentation by a dash. In this context, mnactive channels are
understood to be all code channels, which do not contribute
to the data transmission.

The presentation of a measured CDMA signal proposed in
U.S. Pat. No. 6,219,340 B1 has the disadvantage that 1t 1s not
possible to distinguish whether a code channel 1n a code
class 1s actually active, or whether the code channel 1is
inactive but the power level of a corresponding code channel
of a higher spreading factor 1s measurable there. A lack of
discrimination of this kind between an actual power level of
an active code channel and a so-called alias power level of
an 1active code channel in a code class, which 1s lower than
the actual code class of the active code channel, consider-
ably impairs the evaluation of the overall CDMA signal.

SUMMARY OF THE INVENTION

There exists a need to create a signal analyser and a
method for displaying the code-channel power levels of a
CDMA signal, wherein a distinction can be made between a
power level, which actually originates from an active code
channel, and an alias power level.

According to one aspect of the mvention, those code
channels relating to a specific base spreading factor which
are 1nactive, but for which a so-called alias power level
occurs, are specially marked 1n a diagram, which presents
the power levels occurring 1n the individual code channels.
In evaluating the individual power levels of the code chan-
nels, it 1s therefore possible to distinguish simply between
actually active code channels and code channels, which are
inactive in the specified base spreading factor. This distinc-
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tion 1s also possible, 1f the actually 1nactive channels show
a measurable power level 1in the form of an alias power level.

In particular embodiments, 1t 1s advantageous to select a
bar diagram for the presentation of the power level of the
individual code channels, and to present those bars of the
code channels, 1n which an alias power level 1s measurable,
in a different color. With this color marking, it 1s possible to
infer simply from the diagram which code channels provide
an alias power level, which actually originates from code
channels of a higher code class. In this way, the information
regarding the level of the power level actually measured 1s
retained.

Moreover, it 1s particularly advantageous, in the event of
an occurrence of an alias power level of this kind, to switch
automatically, 1n response to an entry by an operator, to the
presentation of that code class, which contains the code
channels causing the alias power level. Starting from a
presentation of the code class with the basic spreading
tactor, the operator can then immediately recognise the code
class, from which the alias power level occurring 1n a lower
code class actually originates. A further simplification 1s
possible 1f, when switching to a presentation with a higher
spreading factor, the code channel, which shows an alias
power level, 1s marked with a marking device, which 1s
allocated to the corresponding code channel causing the
alias power level.

With another marking, for example, a differently colored
marking, 1t 1s also possible, when using several antennae of
the same transmission unit, to which mutually orthogonal
codes are allocated, to distinguish whether the alias power
level originates from a signal of the same antenna or from a
code channel of the other antenna. The use of different
markings for code channels, which provide alias power
levels of different origins, allows the corresponding causes
for the alias power level to be distinguished 1n a simple
mannet.

Still other aspects, features, and advantages of the present
invention are readily apparent from the following detailed
description, simply by illustrating a number of particular
embodiments and implementations, including the best mode
contemplated for carrying out the present invention. The
present invention 1s also capable of other and different
embodiments, and 1ts several details can be modified 1n
various obvious respects, all without departing from the
spirit and scope of the present invention. Accordingly, the
drawing and description are to be regarded as illustrative 1n
nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

One preferred exemplary embodiment of the invention 1s
presented 1n the drawings and explained in greater detail
below. The drawings are as follows:

FIG. 1 shows a schematic presentation of the occurrence
of an alias power level;

FIG. 2 shows a presentation of measured power levels of
code channels with an alias power level for a base spreading
factor;

FIG. 3 shows a presentation of the power levels of the
code channels from FIG. 2 for a higher spreading factor;

FIG. 4 shows a schematic presentation of the occurrence
of an alias power level through the use of two antennae;

FIG. 5 shows a presentation of the power levels of the
code channels for a base spreading factor 1n a bar diagram;

FIG. 6 shows a presentation of the power levels of the
code channels from FIG. § for a higher spreading factor;
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FIG. 7 shows a further schematic presentation of the
occurrence of an alias power level and

FIG. 8 shows a block circuit diagram of a signal analyzer
according to the mvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

With a third-generation mobile telephone system, a base
station communicates with several mobile devices, the vari-
ous mobile stations transmitting information simultaneously
to the base station and vice versa. The individual signals sent
to or from the mobile stations are distinguished by allocating,
corresponding codes to the subscribers, the corresponding
codes being mutually orthogonal. The number of 1tems of
information to be transmitted per unit of time can be varied
in dependence upon the spreading factor SE, upon which the
code 1s based. To exploit the transmission capacity to the
maximum, the signal actually received and/or transmitted by
the base station consists of code channels, which provide
different spreading factors.

Each code of a given spreading factor branches again in
the plane of the next higher spreading factor nto two
orthogonal codes. FIG. 1 illustrates this by way of example
tor the code 4 with a spreading factor 64 (reference C4). In
the next higher code class, that 1s, with a spreading factor
128, the code 4 1s subdivided 1nto a code 4 with spreading
tactor 128 (reference C4') and a code 68 with the spreading
tactor 128 (reference C68). FIG. 1 shows a detail of a code
tree diagram with three code classes with the spreading
factors 64, 128 and 256 respectively.

The code 32 relating to spreading factor 64 (C32), shown
schematically in FIG. 1 with dark shading, and code 68
relating to spreading factor 128 (C68) are active. When
measuring the signal with the assistance of a signal analyser,
which presents each measured power level of the code
channels relating to the spreading factor 64, the power level
of the active code channel 32 1s presented with an additional
power level for the code channel 4. In this context, the power
level of the code channel 4 1s a so-called alias power level,
which also occurs with an inactive code channel 4 and
originates from an actually active code channel 68 of the
spreading factor 128. The code channel 4 of the spreading
tactor 128, however, 1s actually inactive. In the diagrams,
inactive code channels are represented by empty circles.

FIG. 2 shows a presentation of the power levels of the
individual code channels for the basic spreading factor 64.
In this presentation as a bar diagram, the individual code
channels are plotted horizontally, so that the height of the
bars allocated to the individual code channels indicates the
measured power level for each code channel. Code channels,
which are actually active in the code class presented are
marked with the reference 2 1n FIG. 2 and are presented, for
example, 1n a given color. The code channels, which are
iactive with a basic spreading factor of 64 are preferably
presented in another color and are shown 1n FIG. 2 by way
of example with the reference 3.

As already explained in the context of FIG. 1, the code
channel C4, which provides an alias power level, 1s labelled
with the reference 5 1n FIG. 2 and 1s marked 1n a special
manner by the display device 1. For example, with the bar
diagram selected 1n FIG. 2, a differently colored bar may be
used for this purpose. Furthermore, a marking 4 1s shown in
FIG. 2, which can be allocated by the operator of the
measuring device to any desired code channel. In the
example presented, the marking 4 1s allocated to the color-
marked code channel C4 (reference 5).
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FIG. 3 provides a presentation of the measured results, as
already shown 1n FIG. 2, for a spreading factor 128, that 1s
to say, for the next higher code class. As already explained
in the context of FIG. 1, 1n the presentation relating to the
spreading factor 128, an unambiguous distinction must be
made between the code channel C68 and the code channel
C4'. Accordingly, the display device 1 displays only a slight
noise power level for the code channel C4' labelled with the
reference 5', which 1s synonymous with the statement that
the code C4' 1s actually mactive. By contrast, a relatively
high power level 1s indicated for the code channel C68
labelled with the reference 5", which means that the code
channel C68 1s actually active and has therefore caused the
alias power level of the code channel C4 with spreading
factor 64. Since the code channel C68 provides an actual
power level rather than an alias power level, the bar allo-
cated to the code channel C68 1s now no longer marked with
a special color. On the contrary, 1t 1s shown with the same
color as all other active code channels relating to the
spreading factor 128. To make 1t easier to locate the corre-
sponding code channel, the marking 4 from FIG. 2 1s set as
the marking 4' on the code channel C68 1n FIG. 3. This
displacement of the marking 4, 4' corresponds to the occur-
rence ol the alias power level on the basis of the code
generation according to the Hadamard matrix.

Other presentations are also possible instead of the pre-
ferred presentation 1n a bar diagram with special coloring of
the corresponding code channels, for example, arrow dia-
grams or line diagrams etc. It 1s also possible to mark a code
channel, which provides an alias power level, by other
means than coloring. For example, shading, a border
arranged around the bar, a flashing bar or arrow may be
considered.

FIG. 4 presents a further possibility for the occurrence of
the alias power level, as 1t arises 1n transmission units with
two antennae, wherein the antennae each use codes, which
are mutually orthogonal (Orthogonal Transmit Diversity
OTD)). In this context, the channels of a first antenna ANT1
and a second antenna ANT2 are each spread with an
additional orthogonal spreading factor. This means that the
code channels are actually disposed 1n a plane of the code
tree diagram with a doubled spreading factor.

In FIG. 4, this 1s shown by way of example for the code
channel 16 of antenna ANT1 with spreading factor 64. As
indicated by the empty circle, the code channel C16' of the
antenna ANT1 with spreading factor 128 and Orthogonal
Transmit Diversity 1s inactive. The code channel C144
(Code 16, antenna ANT2, spreading factor SF128 with
OTD), however, 1s active. Accordingly, the power level of
the code channel C144 1s measured as the alias power level
of the code channel C16 (Code 16, antenna ANT1, spreading
tactor SF64 with O1D). A corresponding presentation on a
display device 1 1s again shown in FIG. 5, for a basic
spreading factor 64. The only-apparently-active code chan-
nel C16 1s labelled 1n FIG. § with reference 6 and high-
lighted by the use of another color in the bar diagram. The
marker 7, allocated 1in FIG. 5 to the code channel C16, 1s
again, 1n the presentation relating to the spreading factor 128
shown 1n FIG. 6, allocated to the code channel C16', which
does not now prowde an alias power level and 1s accordmgly
shown as 1nactive. In the presentation shown, all code
channels belonging to the antenna ANT1 are presented 1n
such a manner that the code channel causing the alias power
level 1s not recognisable.

FIG. 7 shows, by way of example, the occurrence of an
alias power level through the active code channels of a
higher code class and simultaneous use of Orthogonal
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Transmit Diversity. In code channel 18 in this diagram
(Code 18, antenna ANT1, spreading factor SF64 with O'1D),
a power level with the next higher spreading factor, which
originates from code channel 18 of the next code class
(antenna ANT1, spreading factor SF128) with Orthogonal
Transmit Diversity, can be 1dentified, and also a power level,
which originates from code channel 18 of antenna ANT2
with spreading factor 128 with OTD. Both power levels are
mapped 1n the code channel C18 of the antenna ANT1 with
spreading factor SF64 with Orthogonal Transmit Diversity
and accordingly marked 1n color in a diagram, which pre-
sents the power level distribution of the individual code
channels, wherein the marking corresponds, preferably in
dependence upon the application, either to the marking of

alias power levels of a higher code class or of alias power
levels through OTD.

FIG. 8 shows a schematic presentation of a signal analyser
according to the invention. The signal analyser 10 according
to the mvention has an 1nput connection 11, to which a
CDMA signal 12 to be measured 1s connected. The 1nput
connection may be either an antenna connection for the
antenna 18 or a connection for a signal line. The incoming
signal 12 1s supplied from the input connection 11 to an
analysis device 13. In the analysis device 13, the mncoming
CDMA signal 1s analysed, so that the actual power level 1s
determined for all active code channels and accordingly, the
active code channels can be allocated to the code classes. To
display the measured power level of the individual code
channels on a display device 14, an entry 1s implemented by
the operator in an operating field 15, which 1s supplied via
a connection 16 to the analysis device. .

The presentation
parameters entered 1n the operating field 15 contain, for
example, the selection of specified base spreading factors for
the display.

The power levels of the code channels to be presented for
a specified base spreading factor are communicated by the
analysis device 13 via a further connecting line 17 to the
display device 14, on which, once again, the measured
power levels of the individual code channels are displayed
in a presentation corresponding to the presentation from

FIG. 2, FIG. 3, FIG. 5§ and/or FIG. 6.

If the operator recognises, on the basis of the color
presentation of code channels, that a code channel provides
an alias power level, he can make an entry via the operating
field 15, in response to which, the analysis device 13
communicates to the display device 14 the information
required for a modified presentation of a higher code class
with the corresponding higher spreading factor SF. A pre-
sentation relating to the smallest spreading factor, for which
no alias power level occurs in the code channels, can also be
selected automatically. The presentation for a given spread-
ing factor can also be selected directly via the entry, instead
of an automatic switching of the presentation relating to a
spreading factor.

Furthermore, FIG. 8 1illustrates the case, 1n which a

transmitter 19 transmits via two generally spatially oflset
antennae ANT1 and ANT2, wherein the codes used are
spread 1nto the next higher code class, as described above.

While the present invention has been described in con-
nection with a number of embodiments and 1mplementa-

tions, the present invention 1s not so limited but covers
various obvious modifications and equivalent arrangements,
which fall within the purview of the appended claims.
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What 1s claimed 1s:

1. A method for displaying power levels of code channels
of a CDMA (Code Division Multiple Access) signal, said
code channels having different spreading factors, compris-
ng:

recerving the CDMA signal;

measuring the power levels of the code channels of the
CDMA signal;

displaying the measured power levels of the code chan-
nels for a specified base spreading factor 1n a diagram;
and

marking those code channels, which provide an alias
power level, wherein a code channel provides an alias
power level relating to the specified base spreading
factor when the code channel with the specified base
spreading factor i1s iactive, and a code channel of a
higher spreading factor corresponding thereto 1s active,

when measuring a CDMA signal from a transmitter with
a first antenna and a second antenna, which use mutu-
ally orthogonal codes, marking a code channel with the
spreading factor of the first antenna, 1n which an alias
power level occurs, which 1s an actual power level of
an active code channel of the second antenna, differ-
ently from a code channel with an alias power level,
which 1s an actual power level of a code channel with
a higher spreading factor of the same antenna.

2. A method according to claim 1, wherein the power
levels of the code channels are displayed 1n a bar diagram.

3. A method according to claim 1, wherein those code
channels which provide an alias power level, are marked 1n
color.

4. A method according to claim 1, further comprising
automatically displaying the power levels of the code chan-
nels after a user entry, with the highest spreading factor that
contains an active code channel.

5. A method according to claim 1, further comprising:

assigning a marking allocated to a code channel providing
an alias power level, in the case of a change to a higher
spreading factor, to a code channel causing the alias
power level.

6. A signal analyzer for measuring a plurality of power
levels of respective code channels of a CDMA (Code
Division Multiple Access) signal, comprising:

an analysis device for evaluating the power level of the

individual code channels; and

a display device for visual presentation of the power
levels of the individual code channels of a given basic
spreading factor 1in a diagram,

wherein those code channels relating to the specified base
spreading factor, which are inactive and for which an
alias power level 1s measurable, are marked in the
diagram, an alias power level being present, 1f a code
channel of a higher spreading factor, which corre-
sponds to an 1nactive code channel relating to a speci-
fied base spreading factor, 1s active,

wherein 1n analyzing a CDMA signal of a transmitter with
a first antenna and a second antenna, which use mutu-
ally orthogonal codes, those code channels of an
antenna, for which an alias power level 1s measurable,
which 1s caused by an active code channel of the other
antenna, are presented differently from code channels
with a measurable alias power level, which 1s caused by
an active code channel of a higher spreading factor of
the same antenna.
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7. A signal analyzer according to claim 6, wherein the
power levels of the code channels 1s presented 1n a bar
diagram.

8. A signal analyzer according to claim 6, wherein the
inactive code channels of the specified base spreading factor,
for which an alias power level 1s measurable, are marked 1n
the diagram 1n a diflerent color from the active code chan-
nels of the specified base spreading factor.

5

8

9. A signal analyzer according to claim 6, wherein the
code channels relating to the maximum spreading factor,
which contains an active code channel, are automatically
presented on the display device.
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